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Introduction

Designated as an estuary of national significancédngresspmms
in 1987, Long Island Sound is home to a diverse networ
flora and faunaand over 4 million peopldt is an estuary of
recreational, commercial, and socioeconomic value.
Sound is bordered by the states of Connecticut and New |
and has avatershed area extending throudlassachusetts
New Hampshire, Vermont,Maine and Quebec thd
encompasses over 16,000 square miles and 9 million pe
Over time, the Soundhas been subject to the effects
increased nutrient loading as a result of arbation and
changes in land ugé&atimeretal., 2014. Seasonal weathe
patterns, particularly during the summer months, exacerbate the effects of nutrient loading, causing
hypoxic conditions in the Sounchost prominently in th@VesterrBasin. This, irturn, negatively impacts

the water qualityof the Soundthe ecosystem services and resources it provides, and the habitat that is
home to many species. In respotwséhe critical need to document summer hypoxic conditions in Long
Island Sound and itembaymentsas defined in the Long Il sl and
Conservation and Management Plan, the Connecticut Department of Energy and Environmental
Protection (CT DEEP) and the Interstate Environmental Commission, (l&€¢ monitored dissolved
oxygen, as well as key water quality parameters relevant to hypoxia, in Long Island Sout8%Ince

This report presents a summaryimfsitu and surface ckd data collected by CT DEEP and IEC during

the 20T hypoxia seasarBased on the 25 years of logla monitoring, the LIS hypoxia season extends
from June to Septembebata from the Long Island Sound Integrated Coastal Observing System
(LISICOS) are presented with permission for informational purposes. Sampling and analyses were
conducted under ERApproved Quality Assurance Project Plans.

The CT DEEP and IECong Island Sound (LISYater Quality Monitoring Programs are synoptic in
nature and are intended to characterize water quality conditions over a broad area (the entirB&bund).
programs supmt long term monitoring databases designed to detect changes in hypoxia due to changing
conditionge.g, management actions, climate change, productivity). Both programs also tatadgeg.
nutriens, BOD, TSS,chlorophyll g not currently availablefrom fixed station buoy applicationin
addition,CTDEEP provides limited biological data (plankton communities).

The LISICOS water quality sensors are attached to fixed locations and provide a holistic view of the
conditions over a more detailed spartiofe (.e., data measured every 15 minutes from one station as
opposed to every two weeks). The LISICOS continuously recording buoys have shown instances where
vertical mixing within the water column raises the DO concentrations above the hypoxic thoésh6ld
milligrams per liter (mg/L)for extended periods of time.@, days).These episodic conditions are not
captured by CT DEEP or IEC surveys

As such CT DEEP and IEC data provide a snapshot of hypoxic conditioriag a specific timeframe

while the LISICOS data provide a continuous measurement of hypoxia at specific buoy locations.
Together these monitoring programs are better able to characterize the extent and duration of hypoxia
across LIS. Both types of data contribute to a better undemstpofihypoxia in LIS.



What is Hypoxia?

The term "hypoxia” means low dissolved oxygen ("DO") concentrations inwtiter. The DO
concentration of a body of water can vary naturally, however; hypsxaften driven by anthropogenic
processes such as nutrient pollution (eutrophicakagure ). Marine organisms need oxygen to live, and
low concentrations, depending on the duration and theafizbe area affected, can have serious
consequences formarine ecosystem.

As defined by the Long Island SouBtldy,hypoxia exists when DO drops below a concentration®f 3
mg/L, although research suggests that there may be adverse effects to organisms above this leve
depenling upon the length of exposyiEePA, 2000andSimpsoret al.,1995)

The ConnecticutDepartment of Energy & Environmental Protecti@TDEEP) the New York State
Department of Environmental Conservatity SDEC), and the Interstate Environmental Commission
(IEC) havewater quality criteria for dissolved oxygen. These criteria, designed to protstdtd@vaters

from degradation, define hypoxia as DO concentrations below 3.0 mg/L. Low oxygen levels can occur
naturally in estuaries during the summer, when calm weatiraitions prevent the mixing of the water
column that replenishes bottom water oxygen during the rest gietireHowever, excess nitrogeran
exacerbatéypoxia beyond that which may be caused by natural conditions.
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Figurel: biogeochemical cycles in aquatic environments; from:
https://www.epa.gov/sites/production/files/201803/eutro_big.jpg




Factors that May Influence Dissolved Oxygen in LIS

In LIS, water temperature plays a major role in the ecology of the Sound especially in the timing and

severity of the summer hypoxia event. | EC6s mor
data weekly from June t onit&iagptogrambrecords watdr teraper&ures D E |
and salinity year ound . Data collected during | ECA6s week

monitoring cruises are used to help estimate the extent of favorable conditions for the onset, extent, and
end ofthe hypoxic event. The conceptual diagram below, while developed for Chesapeake Bay, applies
to Long Island Sound. In LIS, there are two key contributors to hypoxia: nutrient enrichmematand

column stratification due to temperature and salinity gradi®&lutrients, especially nitrogen, flow into

the Sound from numerous sources including point sources like wastewater treatment plants and nonpoint
sources such as stormwater runoff.

This nutrient enrichment leads to excessive growth of phytoplanktomticpkarly in the spring.
Temperature can stimulate or impede phytoplankton growth. As the plankton die, they begin to decay and
settle to the bottom. Bacterial decomposition breaks down the organic material from the algae, using up
oxygen in the process.

Extensive hypoxia and anoxia Minimal hypoxia and anoxia

= eq, . =
~No o O (x4 §8
Loads Phytoplankton Decomposition Temperature Wind event
Large amount | Large nitrogen  Elevated nutrients  High oxygen Warm water Mo wind event:
of low dissolved | and phosphorus cause large consumption by a) Stimulates decomposition  water column
oxygen loads phytoplankton decaying b) Stratifies water column remains stratified
blooms phytoplankton ) Stimulates phytoplankton
Little amount | Small nitrogen  Less nutrients Low oxygen Cool water: Wind events destratifies
of low dissolved | and phosphorus lead to small consumption a) Slow decomposition water column:
oxygen loads phytoplankton by decaying b) Mixed water column a) Bottom water aerated
blooms phytoplankton ) Slow phytoplankton growth  b) Mutrients move to surface

Conceptual diagram detailing the factors that determine the dissolved oxygen content of the tidal waters of Chesapeake Bay
Diagram courtesy of the Integration and Application Network (ian.umces.edu), University of Maryland Center for
Environmental Science. Source: Ecocheck

Figure2




Recent History of Hypoxia in LIS

Each summer low oxygen levels rend|
hundreds of square miles of bottom wat

unhealthy for aquatic life. Dissolved oxyge|
levels follow seasonal patterns with a decre: i‘:%

in bottom wateconcentrationsver the course

of the summer. Hypoxic conditions during tf
summer are mainly confined to the Narroy

and Western Basin of Long Island Sour
(Figure3). Those areas comprisesthection of
the Sound west of a line from Stratford, CT |
Port Jefferson, NY. The maximum extent 1
the hypoxic area typically occurs in early
August.
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EPA, NY and CT implemented th&otal
Maximum Daily Load to Achieve Wate
Quality Standards for Dissolved Oxygen
Long Island Sound (2000 TMDyhich has

resulted in significant progress in reducir :

open water Sound hygiz conditions. Across

Connecticut and New York, 106 wastewat] -

treatment plants have been upgraded and
million fewer pounds of nitrogen have enterg
the Sound (51.5% reduction).

LIS Point Source Nitrogen - Trade Equalized Loads

Figure4: Nitrogen Loadssource: EPA, LISS, CTDEEP, NY

EPA estimates a 40% reduction in the fixgar
rolling average area of hypoxia acrogse
Sound, compared to pieMDL levels (EPA
2015).
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Figure 5:extent and duration of hypoxia
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Figure 10

Figures 610display the percentage of years when dissolved oxygen concentrations at each station were below 3.0
mg/L in the bottom waters of Long Island Sound infj&ar intervals. The maps show the area of hypoxia reducing

in the Western Sound (Stations 09, E1).D8hile hypoxia ontinuesto persist in the Narrows (Stations A4, B3,
C1)the inclusion of IEC data shows that hypoxia in the narrows is localized to specific stations.
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Habitat Impairment Associated with Hypoxia

The foll owi

ng

d e s AreaDay Demetion (BADDY) ihdex ofihBhitad im@asnsent was

excerpted from an article written by CT DEEP Marine Fisheries Biologist Penny Howell for the
July/August 2014 edition of CT Wildlife Magazine.

For Long Island Sound, DO levels below 3 mg/L are icmed hypoxic, causing mobile animals to leave and sessile animals

to die or be physically or behaviorally impaired. However, DO can become limiting below 4.8 mg/L for sensitive fish species,
such as whiting and scup, while more tolerant species, sumti&sfish, bluefish, lobster and Atlantic herring, are not affected

until DO falls below 2 mg/(Simpsoret al,1995,1996).

An index of

habitat
Division based onx¢ensive sampling in the Sound from 198®3(Simpsonret al,1995,1996)

-DanpaDemeati omMm®@i 0 BADPD) Awaa
Il nstead

devel oped
of indiv

responses to low oxygen, an aggregate response of 18 demersal {Batttimg) finfish species was calculated as a general
index of the impact on limg resources to low oxygen conditions at or near the bottom of the Sound. The total weight, or
biomass, of these demersal finfish species captured in samples taken at various levels of low DO was quantified ant the perce
reduction in biomass from thatpgaured in fully oxygenated water was computed. These studies showed that the finfish biomass
is reduced by 100% (total avoidance) in waters with DO less than 1.0 mg/L. In waters witl® In@/L DO, biomass is
reduced by 82%, while a 41% reduction occair2.02.9 mg/L DO, and a 4% reduction occurs at-3.0 mg/L DQ(Simpson

et al,1995 1999.

For each survey the total area of the Sound encompassing eaghriterval of DO is calculated and the depletion percentage
applied. These area depletions artersned over the number of days they persist during the designated hypoxia season. The

summed areday depletion is then expressed as a percentage of the total available area (total sample area of22,723 km
multiplied times the total season (94 days). Aimar BADD index of 100% would result from severe hypoxia occurring over
the entire study area for the entire hypoxia season.

. L2 . . . .
In an average year, hypoxic waters cover ~448 k69 miles) for 55 days and result in a BADD impairment index of 2.5%.

In theworst year(1994) hypoxia spread over 1,000 %r(895 milesz) for the entire season, resulting in a BADD index of
almost 9%.In 2017, the BADD index was 1.34% down from 3.05% in 2016.
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2017 Summer Weather Conditiors

The Northeast Regional Climate Center (NRCC) at Cornell University is tasked with disseminating climate data
and information for 12 state$his climate information is useful as physical processes influence the timing and

Precipitation Departure (inches)
June - August 2017

Figurel2

duration ofhypoxia. The summer of 2017 wasariable. The season
started out slightly warmer than meal with above average rainfall.
August wrapped up the season on the dry side with below average
temperaturesSeptember brought cooler than normal temperatures this
fall and $ifted into October with some record setting warm days at
multiple climate sites. June and July were 0.2°F above normal while
August was 1.3°F below normal, and September was 3.0°F above
normal. Consequentlythe summer of 2017 (Jumaugust) was 0.3°F
above averagéWarm temperaturesontinued into November where the
region as a whole was 2.0°F abawermal. The averagenaximum
summer (Junéwugust) 2017air temperatures at climate sites around
Long Island Sound ranged from 831in BridgeportCT to 82.8 °F at
LaGuardia Airport in Queens, NY and at Islip, NY on Long Island.

The Northeast received 107% of its normal precipitation for June
through AugustAt the beginning of June (week June&617) the U.S.
Drought Monitor indicated that 100% (cumulatipercentarea) of the
Northeast was not in any drought categaith the reion receiving
over 100% of itprecipitationin June and up to 122% of its precipitation
in July. There were multiple record setting rainfall events which
occurred in Maryland, Pesglvania, New York, and New Jersey
causing flooding and harmful algal bloods. r ar e Nor 6east
region around July 27By Mid-August ~10% of the region was
abnormally dry. Transitioning into fal8% ofthe Northeasmnoved into
moderate drought.

Comparativel vy, |l ast year 6s summer
extreme drought (categorp3) covering over 5% of the region in
September 2016 (figurd3, below. Across Long Island Sound,
precipitation totals varied widely from site to site and month to month.

Across the coastalreasof Connecticut and New York, summer rainfalls were sligh#low normal ranging from
78%97% of normal for June, 79%6% of normal for July and 59%3% of normal for Augustdowever, as a
whole Connecticut and New York had over 100% of their normal precipitation for June and July.

Figure 13The Northeast drought monitor percent area of drought June 2016 through October 2017
Roxes define the annroximate siimmer hvnoxia monitorina seasons.
































































































































































